their facial proportions with those of neoclassical canons and facial golden ratios.
METHODS
This study was approved by the ethics committee of Phramongkutklao Hospital and College of Medicine. A retrospective review of the photographs of Miss Universe Thailand and Miss Universe from 2001 to 2015 was conducted. All photographs were searched from Internet Websites and stored in a computer as JPG files using Adobe Photoshop CS6 (Adobe Systems, San Jose, Calif.). If we did not find the optimal photographs for analysis, we captured photographs from the video clips from Internet websites. True neutral anteroposterior and lateral facial views were selected if the photograph met the following criteria 4 :
1. Photograph of the true neutral anteroposterior view shows the described landmarks as noted in Figure 1A , and both sides of the face should be as symmetric as possible. To limit rotation, the soft tissue landmark glabella should be positioned within 5% in the midline. 2. The soft-tissue trichion and gnathion points are completely visible. There are no silhouettes or irregular photographic shadows. 3. Photograph of the true lateral view shows align the nasal tip and chin. The contralateral eyebrow should not be visible (Fig. 1B) . 4 . Photographs for lip analysis were selected from the position of neutral lips and are closed smoothly as possible. 5. Photograph resolution should be more than 30 pixels/cm in Adobe Photoshop CS6 (Adobe Systems).
Twenty-six dominant points were identified (Table 1 and Fig. 1 ).
Human sculptures made in ancient Greece were derived from proportions that followed established rules or "canons." 5, 6 These rules were incorporated in the neoclassical canons for the human face by Renaissance artists such as Leonardo da Vinci, Vitruvius, Bergmuller, and Durer. 7, 8 Subsequently, these canons were adapted by medical artists, anatomists, and aesthetic surgeons, and are still being used to this day.
Neoclassical canons and facial golden ratios are the most widely used references of beauty, thus, we used them to compare the facial proportions among Miss Universe Thailand and Miss Universe winners.
The following points were evaluated in the neoclassical canons analysis:
1. Two-section canon: the height of the vertex to the endocanthion is equal to the height of the endocanthion to the gnathion. 2. Three-section canon: the heights of the trichion to the nasion, of the nasion to the subnasale, and of the subnasale to the gnathion are equal. 3. Four-section canon: the heights of the vertex to the trichion, of the trichion to the glabella, of the glabella to the subnasale, and of the subnasale to the gnathion are equal. 4. Nasofacial proportion canon: the width of the alae is equal to a quarter of the width of the distance between the zygomas. 5. Orbitonasal proportion canon: the distance between the medial canthi is equals to the width of the ala. 6. Orbital proportion canon: the distance between the medial canthi is equal to the width of the eye fissure (medial to lateral canthus of the eye). 7. Naso-oral proportion canon: the width of the mouth is equal to 1.5 of the width of the ala. The width of the face can be divided into fifths.
Other facial proportion analysis including the following: 1. Nasal proportion analyzed by 1.1. Nasofrontal angle: the inner angle formed by a line tangent to the glabella and a line tangent to the nasal dorsum intersecting at the nasion. 1.2. Nasofacial angle: the inner angle formed by the intersection of the facial plane, from the glabella to the pogonion, and the nasal dorsal plane, from the nasion to the pronasale. 1.3. Nasolabial angle: the inner angle formed by a line tangent to the nasal columella and a line tangent to the upper lip intersecting at the subnasale.
2. Nasal tip projection analyzed by the ratio of 2.1. the ala to the tip of the nose and the nasion to the tip of the nose. 2.2. the tip of the nose to the upper lip and the upper lip to the ala of the nose.
3. Lower facial proportion analyzed by the ratio of the stomion to the gnathion and the subnasale to the stomion. 4. Oral proportion analyzed by the ratio of height of the lower and upper lips. 5. Chin projection measured by drawing a line from the glabella through the subnasale and another line from the glabella to the pogonion.
The facial golden ratios were measured in 16 proportions and divided into 11 vertical and 5 horizontal measurements. Eleven vertical measurements were performed in the following:
1. zygion-zygion:trichion-gnathion 2. trichion-endocanthion:endocanthion-gnathion 3. gnathion-ala:ala-trichion 4. endocanthion-ala:ala-gnathion 5. gnathion-chelion:chelion-endocanthion 6. chelion-ala:ala-endocanthion 7. ala-chelion:chelion-gnathion 8. endocanthion-chelion:endocanthion-gnathion 9. endocanthion-ala:endocanthion-chelion 10. ala-gnathion:endocanthion-gnathion 11. labial superius-stomio:stomion-labial inferius Concerning the facial golden ratio measurement, an acceptance interval for a 2% error of 1.58-1.65 was determined, whereas the corresponding SD for Phi was set at 0.02. 
Outcome Measurements
The photographs used in this study were independently selected by 2 independent surgeons. The final photographs were agreement from both surgeons. The distances and angles were measured using Acrobat Reader, version The junction of hairline and forehead in the midline.
Glabella (g)
The most prominent point of forehead in the midline between the eyebrows.
Temporal (t)
The soft-tissue border of the temporal area, located at the most lateral points of the face depicted in works of art lying upon a line through the supraorbital foramen (left and right). Inferior border of the palpebrae (left and right).
Center of pupil (p)
The center point of the pupil. 14. Zygion (zy)
Lateral border of the cheek (left and right).
Pronasale (prn)
The highest point of the tip of the nose.
Ala (al)
The most lateral point on the rims of the alar wing of the nose (left and right).
Subnasale (sn)
The deepest point at the junction of the base of the columella and upper lip in the midline. 18. Cupid's peak (cp)
The peak of Cupid's bow.
Labial superius (Is)
The upper border of the upper lip.
Chelion (ch)
The oral commissure.
Labial inferius (li)
The lower border of the lower lip.
Stomion (sto)
The midline point where the upper lip touches the lower lip.
Sublabiale (sl)
The midline point at the junction of the lower border of the cutaneous lower lip and superior border of the chin, it is the deepest point of the labiomental groove. 24. Mandibular angle (ang) The angle of the chin according the line from the oral commissure.
Pogonion (pg)
The most prominent point of the chin in the midline.
Gnathion (gn):
The most inferior point of the lower border of the chin.
XI (Adobe Systems). After the measurements were taken, the data were recorded in Microsoft Excel to compare the facial proportions. Comparison of facial proportions among Miss Universe Thailand and Miss Universe, neoclassical canons, and facial golden ratios were performed.
Statistical Analyses
Mann-Whitney U test was used for the comparison between the Miss Universe Thailand and Miss Universe groups. Student t test was used for the comparison of facial proportions among the Miss Universe Thailand and Miss Universe groups, neoclassical canons, and facial golden ratios. P value <0.05 was considered statistically significant.
RESULTS

From 2001 to 2015, 16 Miss Universe Thailand and 16
Miss Universes were included. The winner of Miss Universe Thailand competes in the Miss Universe pageant. In 2014, the winner of Miss Universe Thailand resigned 1 month after the contest and the first runner-up represented at the Miss Universe 2014 pageant; thus, we included both winners Miss Universe Thailand 2014 in this study. Of the 16 Miss Universe Thailand, 14 (87.5%) were of Thai ethnicity, 1 (6.25%) was Thai-Austrian, and 1 (6.25%) was Thai-German.
In 2002, the winner of the Miss Universe pageant was dethroned 4 months later and the first runner-up took over the Miss Universe title. Thus, we also included both winners of Miss Universe 2002 in this study. The 16 Miss Universe winners were from Asia (Japan and Republic of the Philippines), Europe (Russian Federation), Australia (Australia), Africa (Republic of Angola), and America (Commonwealth of Puerto Rico, Canada, Dominican Republic, United Mexican States, USA, Bolivarian Republic of Venezuela, Republic of Panama, and Republic of Colombia). Table 2 shows the comparison between Miss Universe Thailand and neoclassical canons and facial proportions. Nine points of facial analysis were statistically significant. Of 7 neoclassical canons, 6 were statistically significant. Of these, 3 facial proportions of Miss Universe Thailand were shorter than neoclassical canons: 2-section, nasofacial and orbital proportion canons. Three facial proportions of Miss Universe Thailand were longer than those of neoclassical canons: 4-section, orbitonasal and naso-oral proportion canons (Table 3) .
The nasofrontal angle, oral proportion, and chin projection were found to be statistically significant. Miss Universe Thailand group showed wider nasofrontal angle, thinner lower-upper lip height ratio, and less chin projection. Table 4 shows the comparison between Miss Universe and neoclassical canons and facial proportions. Ten points of facial analysis were found to be statistically significant. Of 7 neoclassical canons, 6 were statistically significant. Of these, 3 facial proportions of Miss Universe were shorter than neoclassical canons: 2-section, 3-section, and nasofacial proportion canons. Three facial proportions of Miss Universe group were longer than those of neoclassical canons: 4-section, orbitonasal, and orbital proportion canons (Table 5) .
The nasofrontal, nasofacial angle, nasal tip projection, and oral proportions were found to be statistically significant. Miss Universe group showed wider nasofrontal and nasofacial angle, more nasal tip projection, and thinner lower-upper lip height ratio. Table 6 shows the comparisons between Miss Universe Thailand and Miss Universe groups, and 7 points of facial analysis were found to be statistically significant. Of the 7 (Table 7) .
Miss Universe Thailand had less nasal tip projection compared with Miss Universe. Eight points of facial proportion were not statistically significant between Miss Universe Thailand and Miss Universe groups, and of these, 4 facial proportions were not statistically significant with the neoclassical canons and previous facial proportion (oral width interalar width, nasolabial angle, tip to lip:lip to ala, and lower face proportion).
The other 4 facial proportions were statistically significant with the neoclassical canons and previous facial proportion (4-section canon, interalar: intermedial canthus, nasofrontal angle, and oral proportion). Table 8 shows the comparison of the facial golden ratios between Miss Universe Thailand and Miss Universe groups. In the Miss Universe Thailand group, 12 facial ratios demonstrated statistical significance to the facial golden ratio. In the Miss Universe group, 12 facial ratios demonstrated statistical significance to the facial golden ratio. The gnathion-chelion:chelion-endocanthion, endocanthion-gnathion:endocanthion-chelion, labial superius-stomion:stomion-labial inferius did not demonstrate statistical significance in facial golden ratio in either group.
All horizontal facial golden ratios demonstrated statistical significance in both groups. In all 16 facial ratios, (Table 9) .
DISCUSSION
Human sculptures produced in ancient Greece were derived from proportions that followed established rules or "canons." 5, 6 These rules were incorporated in the neoclassical canons for the human face by Renaissance artists such as Leonardo da Vinci, Vitruvius, Bergmuller, and Durer. 7, 8 Subsequently, these canons were adapted by medical artists, anatomists, and aesthetic surgeons, and are still being used to this day. Although neoclassical canons define the ideal face and are used for analyzing the attractive face, they were referenced from ideal, yet ancient, standards of beauty derived a small group of people and do not represent the majority.
Neoclassical canons were invalidated due to the differences in transcultural facial structures such as Chinese, 5 Arabian, 3 Turkish, 10 Croatia, 11 Korean -American, 12 and Greek. 13 However, neoclassical canons were more valid in whites than in Asians. 7, 12, 14 The esthetically attractive 1: 1.618 ratio, indicated by the Greek letter Phi (Φ), was first recorded in third century BC by the Pythagoreans. The facial golden ratio was shown by Ricketts 15 in 1982.
9 Surprisingly, only 10 frontal-view photographs (including 7 whites, 2 Asians, and 1 black) taken from magazine advertisements were analyzed.
The use of the golden ratio Phi mask for attractive facial measurement was revealed by Marquardt. 16 The facial golden ratio and the Phi mask were used for identifying the ideal face, and many studies demonstrated and supported this ratio. [17] [18] [19] The invalidity of the facial Phi mask was shown 2, [20] [21] [22] [23] [24] [25] [26] including in Asians and whites. According to our results, the facial golden ratios were invalid in determining a beautiful face in the 21st century. Most of the facial ratios of Miss Universe and Miss Universe Thailand demonstrated statistically significant difference to the facial golden ratios.
Many studies have attempted to establish the modern facial proportions of beauty, using beautiful faces obtained from direct photographs, 3-dimensional scan and photographs from the internet, 4,27-29 field of entertainment, 4, 29 magazines, 30 and beauty contests. 26, 31, 32 Pothanikat et al. 33 studied Asian female subjects and revealed that most attractive group had least convex face, larger forehead, and wider faces. Studies on Italian competitions in 2009 and 2010 were performed and compared with the normal population. 31, 34 Attractive women had more acute soft-tissue profile, increased upper facial width and middle facial depth, larger mouth, and more voluminous lips.
In Asia, studies were performed in Miss Korea 2012 competitions and compared with the normal population. 26, 32 The Miss Korea group showed greater total facial height and eye width, lesser lower-facial height, and more retruded and smaller lower lips and chins than the general population group. However, these studies did not describe the ranking of the participants who were analyzed in the studies.
Yehezkel and Turley 35 studied African American women in fashion magazines from 1940s through the 1990s.
Photographs were divided into 6 groups corresponding to the decade in which they were published. Significant between group differences were found for lip position, nasolabial angle, and interlabial angle, with increased fullness and more anteriorly positioned lips in the more recent decades. Esthetic standards for the African American female profile changed during the 20th century.
The study of Mommaerts and Moerenhout 28 on contemporary beautiful faces were retrieved from yearly polls of People magazine and FHM. The top 15 female faces were analyzed and compared with the pictures of classical sculptures. Their results showed harmonious contemporary faces had a significantly lower classical facial index, indicating that facial height was less or facial width was larger than in classical female faces.
Study of Iglesias-Linares et al. 27 in 2011 compared the most beautiful black and white people in the list of People magazine's 100 most beautiful people. Facial similarities in 2 ethnic groups were observed in the angle of the inferior facial third, labiomental angle, angle of facial convexity, cervicomental angle, and lower lip projection. They concluded that modern society was changing the classic concept of facial beauty because of globalization and prevalence of multiethnic communities in the developed world. Independent of ethnic origin, beautiful women tend to have similar facial features that were a mixture of both black and white features.
According to our results, the validity in the neoclassical canons was still demonstrated in oral width: alar width, nasolabial angle, nasal tip projection, and lower face proportion.
Moreover, the results showed that the facial golden ratio was not valid in modern beautiful women. Only 3 vertical ratios did not demonstrate statistical significance in both groups compared with the facial golden ratio (gnathion-chelion:chelion -endocanthion, endocanthion -gnathion:endocanthion -chelion, and labial superiusstomion:stomion-labial inferius). All horizontal ratios were shown to be different from the facial golden ratio in both Miss Universe Thailand and Miss Universe. Meanwhile, none of 16 facial ratios were statistically significant between the Miss Universe Thailand and Miss Universe groups.
Although Miss Universe Thailand did not win the Miss Universe contest between 2001 and 2015 and that Thai population is a small percentage of the world population, our results demonstrated that most of modern facial proportions of Miss Universe Thailand correspond with those of Miss Universe and are different from the Greek ideals of the neoclassical canons and the golden facial ratios.
Because variations in size of the photographs were a concern, only the proportions were studied. Anthropometric facial analysis is the study of the human face. Several indirect anthropometric methods exist, for example, cephalometry, photogrammetry, 3-dimensional stereophotogrammetry, and surface laser scanning. Of these methods, photogrammetry has advantages and is ideal for soft-tissue analysis. In addition, its reliability proved to be excellent and remains the optimal choice. [36] [37] [38] The limitation of this study was the photographs were taken from the Internet that may be not truly anteropos- terior and lateral views. The focal lengths of the shots were not of the same length, which might have affected the proportions. This study represented only the early 21st century, and the facial ratios of beauty may change in the future.
CONCLUSIONS
The modern facial proportions of beauty are different from those of the past. Photogrammetric analysis demonstrated longer forehead, thinner lower-upper lip height proportion, wider interala-medial canthus width proportion, and wider nasofrontal angle compared with previous standards. Miss Universe winners showed wider nasofacial angle and more nasal tip projection than neoclassical canons. Moreover, the facial golden ratios were statistically significantly invalid in modern facial proportions of beauty. This is a retrospective study, and the results may be used as primary data when analyzing and planning for cosmetic surgery. 
